INTRODUCTION
Since Ellerman & Bang (I9O8) reported the first case of leukaemia in chickens, many viruses have been found to be capable of producing neoplasms in laboratory animals. Several human adenoviruses are oncogenic; these include types 3, 7, I2, 18 and 3r (Huebner et al. 1965; Huebner, Rowe & Lane, I962; Larson et al. I965; Pereira, Pereira & Clarke, 1965; Trentin, Yabe & Taylor, 1962) . In I965 it was reported by Sarma, Huebner & Lane that the chick embryo lethal orphan (CELO) virus, an avian adenovirus, was also oncogenic for hamsters.
CELO virus has frequently been found as a latent agent in chickens and probably occurs commonly in commercial eggs (Yates & Fry, I957) . Therefore, it is imperative that the role of CELO virus as an oncogenic agent should be understood. This study was undertaken to expand the initial observations of Sarma et al. (I965) and to elucidate the role of CELO virus as an oncogenic agent.
Observations were made on factors affecting the susceptibility of infant hamsters to the oncogenic capacity of the virus. In addition, observations were made on tumour transplants and on other factors pertinent to turnout induction.
Inoculation procedure. All virus inoculations were given subcutaneously to hamsters between I and 3 days old. The needle was inserted in the subcutaneous tissues in the sacral region and manoeuvred to the area between the blades of the scapulae. The needle was then slowly withdrawn as o.I ml. of the virus was liberated.
Tumour homogenates (2o%, w/v, in phosphate-buffered saline) were administered similarly as inocula of 0"4 ml. in weanling hamsters.
Tumour tissue transplants were given to weanling hamsters by manipulating tumour fragments of 3 to 5 ram. in diameter through a small incision of the skin into the subcutaneous region of the back. Tumour transplants were also implanted under the mucosa of the cheek pouch of hamsters.
Histological studies. Tumours were removed and a portion fixed in neutral formalin.
Paraffin sections were prepared and stained by haematoxylin and eosin. Hamsters (IIo) were inoculated with CELO virus, tumour homogenate, or tumour tissue, into the subcutaneous area of the back. Only those hamsters that survived for at least I month are included in the results. In eight hamsters, tumour transplants were implanted under the mucosa of the cheek pouches. Tumours were found in 95 % of the virus-inoculated females and in 35 % of the males (Table I) . The virus induced single tumours in 32 of the 33 inoculated hamsters showing tumours. CELO virus was equally oncogenic in r-, 2-and 3-day-old hamsters ( 
CELO virus and tumour inoculation in hamsters

I23
The doses of virus employed in this test did not appear to affect tumour induction in female hamsters, but virus infectivity appeared to affect induction in males (Table I) . The injection of o.I ml. of CELO virus at an ELD5o of Io8"2/o.I ml. did not produce neoplasms in males; higher doses did produce tumours. Also, the overall incidence appeared to be sex-dependent, females having a much higher incidence than males. To test the latter hypothesis by statistical inference a binomial distribution was assumed in the determination of the effect of dose upon the incidence of tumour induction in males and females. For this a multiple linear regression was made of tumour incidence against (i) sex (o for males, I for females), (ii) dosage and (iii) the cross-product of sex and dosage. Even at a IO % level, two-tailed t-tests led to rejection of the regression coefficients for dosage and for the cross-product. It is concluded that these coefficients are insignificant. This does not mean that the effect of dose is insignificant in general; it does mean that dose had no proven effect in the range covered by these results. The rejection of dosage allows us to make a direct comparison of incidence for all the males and for all the females. The value for X 2 is I4"O, including the Yates correction. At the o.1% level of significance, the critical value of X z is only lO.8. With much less than o.1% chance of error, we conclude that the sex difference is significant, and that females have a higher turnout incidence than males.
Most of the neoplasms developed between the sixth and eighth month after inoculation although a few were noted in the following 2 months (Table 3 ). Of 41 hamsters that survived the inoculation, 27 produced tumours, most of which developed near the caudal area.
Tumour induction was more successful in cheek-pouch implantations than in the various subcutaneous inoculations in the dorsal area (Table 4 ). The tumours obtained from hamsters inoculated in the subcutaneous tissues of the back were 'kidney-shaped' and multilobulated (Fig. I) ; the number and size of the lobules usually depended on the age weight or age and whether induced by virus, tumour tissue or tumour homogenate (Fig. 2) . The turnouts usually exhibited spindle-shaped cells arranged parallel to each other showing interlacing bundles and a swirling pattern. Occasional giant-cell formation, cellular pleomorphism and cells in mitosis were also characteristic of the neoplasms. Other studies have indicated that hamster fibroblastic cell cultures, transformed by CELO virus, also produce fibrosarcomas when injected in hamsters (Anderson et al. 1969) . The small incisions made in the tumour shown in Fig. i revealed a capsule-like structure surrounding the neoplasm. The turnouts were generally soft, except in a few cases where large quantities of intercellular collagen imparted a firmer texture. Necrosis was rare in tumours induced within 7 months, but was common with later tumours and appeared to be independent of tumour size. It was not uncommon for a tumour to weigh as much as the host hamsters. Metastasis or spontaneous tumours were never observed.
DISCUSSION
Results with CELO virus-inoculated hamsters indicated that the tumours were fibrosarcomas and that females were more susceptible to turnout induction than males. This increased receptivity is probably not due to increased or decreased amounts of antibody since preliminary results from gamma-irradiated 9-and 11-day-old hamsters showed a larger percentage of tumours in females (unpublished results, Department of Animal Pathology, University of Rhode Island). It appears that the body milieu contributes either a protective substance in males or a turnout enhancing component in females. It is possible that this unknown substance is one or more of the sex hormones. A similar observation following inoculation of adenovirus type I2 was reported by Yohn, Funk & Grace (I967) . In this case the preponderance of tumour formation in female hamsters was attributed to hormonal influences.
Although some viruses, such as SV 4o, produce multiple tumours in laboratory animals (Girardi et al. I962), CELO virus produced single tumours in 32 of 33 cases. These results are similar to those observed for adenovirus type 7 (Huebner et al. 1965) . Since only one hamster produced multiple turnouts (two in the dorsal area), it is likely that hamsters may develop antibodies inhibiting the initiation of a second tumour once the first has become established. If this was not so then the production of single tumours would be unlikely since virus would be dispersed throughout the subcutaneous tissues of the back. All tumours were well-circumscribed and covered by a capsule-like structure which probably contributed to their non-metastatic property.
Tumour transplants to the cheek pouch were more successful than implants into the dorsal area. Handler & Shepro (I968) reported the hamster cheek pouch to be alymphatic, assuming that lymph nodes and efferent lymphatic vessels were lacking. The exclusion or greatly decreased number of lymphocytes (Alexander & Fairley, 1967 ) may have contributed an enhancing effect to tumour formation and to the rapidity of induction. This route of inoculation is therefore valuable for rapid production of tumours and allows easy examinations at successive stages (Lutz et al. 195 I) . Recently, Goldenberg & Steinborn (197o) reported lymphatic drainage to occur from the cheek pouch to the regional, epsilateral, submental lymph node. However, the drainage was found to be delayed and occurred in reduced amounts.
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